The most devastating nematodes to worldwide agriculture are the root-knot nematodes with 18
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The M. incognita genome is mostly haploid and shows few short-scale variations 145 We collected 11 M. incognita populations from six different states across Brazil and from six 146 different crops (soybean, cotton, coffee, cucumber, tobacco, watermelon) (Figure 1 ). Each isolate 147 was reared by multiplication of the egg mass of one single female on tomato plants (methods). 148
After having confirmed that the 11 isolates we collected showed the characteristic isozyme 149 profiles and molecular signatures of M. incognita, we characterized their host race status using 150 the NCDHT (methods, Table 1 ). We characterised three isolates as race 1, two as race 2, three as 151 race 3, and three as race 4. 152
We generated high-quality paired-end genome reads (~76 million per isolate) for each M. 153 incognita isolate. These reads covered the ~184Mb M. incognita genome assembly (Blanc-154
Mathieu et al. 2017) at a depth > 100X (Table S2) to 1/1 SNPs, homozygous within isolates. We examined the distribution of base coverage of 158 homozygous (1/1) and heterozygous (0/1) SNPS. We observed that the heterozygous SNPs 159 showed a peak of distribution at ~twice the coverage of the peak for homozygous SNPs in the 11 160 isolates (Fig. S1 ). This parallels the distribution of base coverage in the M. incognita reference 161 genome scaffolds which shows a major peak at ~65X and a second minor peak at ~130X (twice 162 the coverage; Fig. S2 ). These genome regions at double coverage were considered as representing 163 highly similar homoeologous genome copies that were collapsed during the assembly (Blanc-164
Mathieu et al. 2017). Although these regions are minority in the genome assembly, they seem to 165 be responsible for many heterozygous (0/1) SNPs. The SNPs in these minority regions of double 166 coverage probably result from genome reads of two homoeologous regions mapped to a single 167 collapsed region in the reference assembly. Hence, most of these heterozygous SNPs might not 168 represent variations between isolates or between individuals but between the few collapsed 169 homoeologous regions. Since most of the reference genome is assembled in haploid status (Fig.  170 S2), and the status of heterozygous SNPs is unsure, we will utilise only homozygous SNPs for all 171 downstream analyses. 172
173
The levels of variations between isolates are low and not specific to races 174 Each isolate showed a different level of divergence from the reference genome with R1-175 percentages of homozygous variable positions on the nuclear genomes of the eleven isolates, 181 compared to the Morelos reference strain, ranged between 0.01 % and 0.02 %. In comparison, theInterestingly, race-specific variants exist only for race 2, which exhibited 30 race-specific 184
variations. This is possibly due to the fact that race 2 is represented by only two isolates (vs. 3 for 185 the rest of the isolates). Using principal component analysis on the whole set of homozygous SNPs (PCA, 207 methods), we showed that the eleven M. incognita isolates formed three distinct clusters, which 208 we named A, B and C (Figure 3 ). Cluster A is represented by isolate R1-2 alone, which has the 209 highest number of variants. Cluster B is constituted by R3-2 and R4-4. The rest of the isolates fall 210 in a single dense cluster C of overall low variation. There was no significant association between 211 the clusters and the host race status (Fisher's exact test p-value=1, Sup. Text, Table S4 ). This 212 implies that isolates of the same host race are not more similar to each other than isolates ofanalysis, which showed no correlation between the genetic distance and the geographical distance 220 (Fig. S3) . 221
To assess the levels of separation vs. past genetic exchanges between these clusters, we 222 calculated fixation index values (FST). Weighted FST values between clusters were all >0.83, 223 suggesting a lack of genetic connections between the clusters (Table S5) This result suggests a lack of genetic exchanges between the isolates, as expected from a clonal 236 species. To confirm this result, we conducted separate phylogenetic analyses for each of the 237 longest 14 scaffolds with sufficient number of phylogenetically informative variable positions 238 and the mitochondrial genome. All these analyses showed a clear separation between the three 239 clusters (A, B, and C) with some minor polytomies within cluster C ( Fig. S5 and Fig; S6) . 240
According to the two classification methods (PCA and phylogenetic network), isolate R1-241 2 seemed to be the most divergent from the rest of isolates, which is consistent with its higher 242 total number of SNPs and number of isolate-specific SNPs. Then, a small cluster was composed 243 of isolates R3-2 and R4-3 (equivalent to cluster B of the PCA). Finally, a cluster (equivalent to 244 PCA cluster C) grouped the rest of the eight isolates and covered all the defined host races as well 245 as 5 of the 6 different host plants 246
Consistent with the PCA and phylogenetic network analysis, we also did not observe 247 significant association between the number of repeats in the two repeat regions in the (Fig. S8) . This maximum-likelihood 330 reconstruction shows that the hypothesis of a hyper-polyphagous ancestor that then progressively 331 lost ability to either parasitize Cotton or Tobacco is not realistic. The ancestral reconstruction 332 rather suggests multiple independent gains and losses of the ability to parasitize these plants. 333 Consistent with this suggestion, host race switching within an isolate over time has already been 334 observed. Isolates of M. incognita race 2 and 3, which parasitize tobacco and cotton plants 335 respectively, switched to behaviour similar to race 3 and 2 after staying for eight months on coffee 336 plants (Rui Gomes Carneiro, personal communication). Together with the previously reported 337 ability to break down resistance gene in plants, the ability of M. incognita to loose and gain ability 338 to infect different plants highlights its adaptive potential. 339
The lack of sexual reproduction in M. incognita was so far only assumed based upon initial 340 cytogenetic observations (Triantaphyllou 1981; Triantaphyllou 1985) but never further supported 341 at whole-genome scale. Here, the different analyses we performed at the population genomics 342 level converge in supporting the lack of recombination and genetic exchanges in M. incognita. 343
The phylogenetic network analysis based on homozygous SNPs returned a bifurcating tree that 344 separated the different isolates and not a network. This suggests a lack of genetic exchange 345 between the isolates. In sexual 'recombining' species, the mitochondrial genome accumulates 346 mutations much faster than the nuclear genome. This is also true in the model nematode C. 347 elegans where the mitochondrial mutation rate is at least two orders of magnitude higher than the 348 nuclear mutation rate (Denver et Overall, we provided here additional evidence for adaptability and the first whole-genome level 366 assessment for the lack of recombination in M. incognita, consolidating this species as a main 367 model to study the paradox of adaptability and parasitic success in the absence of sexual 368
reproduction. 369
The adaptability of M. incognita despite its obligatory asexual reproduction and the lack 370 of phylogenetic signal underlying the host races have important practical implications at the 371 agricultural level. Characterizing populations that differ in their ability to infest a particular host 372 (that carries specific resistance genes) is of crucial importance for growers and agronomists. 373 Indeed, the main Meloidogyne spp. control strategies consist in deploying resistant cultivars and 374 appropriate crop rotation against a specific given race. If the identity of a population is unknown, 375 the crop selected for use in a management scheme may cause dramatic increases in nematode 376 populations (Hartman and Sasser 1985) . However, the adaptability of M. incognita casts serious 377 doubts on the durability of such strategies and must be taken into account in rotation schemes. 378 Furthermore, the biological reality of host races themselves is challenged by the lack of 379 underlying genetic signal. Actually, the initial host race concept, has never been universally 380 accepted, in part because it covered only a small portion of the whole potential variation in 381 parasitic ability (Moens et al. 2009 ). Although M. incognita was already known to parasitize 382 hundreds of host plants, only six different host standards were used to characterise four races. 383
New host races might be defined in the future when including additional hosts in the differential 384 test. Furthermore, using the same six initial host plant species, two additional M. incognita races 385 that did not fit into the previously published race scheme have already been described ( coding regions). We aligned these positions and then used them as an input in SplitsTree4 with 534 default parameters. The resulting network produced a bifurcating tree that was identical to the 535 one obtained with RAxML-NG using GTR+G+ASC_LEWIS model. The bifurcating tree was 536 used as input to PastML (Ishikawa et al. 2018 ) for reconstruction of the ancestral states of ability 537 to parasitize tobacco and cotton (Fig. S8) . Phylogenetic inferences for the largest scaffolds 538 containing at least 20 SNPs and the mitochondrial genome were conducted with RAxML-NG 539 (Kozlov et al. 2019 ) using the GTR+G substitution model (except for scaffolds 10 and 20 for 540 which the K80+G model was used because not enough phylogenetically informative positions 541 were available). 542
543
Test for association between biological traits and genetic clusters 544 We used a Fisher's exact test in R to assess whether there was a significant association between 545 the SNP-based clusters and the host races or the crop species from which the isolates were 546 originally collected. We also conducted an Isolation By Distance (IBD) analysis using the 547 adegenet R package (Jombart and Ahmed 2011) to check how well the genetic distances correlate 548 with geographic distances between the sampling points of the isolates. Geographic distances were 549 calculated from exact sampling locations, when available, or centre points if the region was 550 known but not the exact sampling location. Sample R3-4 was excluded from this analysis since it 551 was a mix of samples pooled together from different geographical locations. L27 was also 552 excluded since the sampling location was unknown. 553 554 Mitochondrial genome analysis 555 We sub-sampled genomic clean reads to 1% of the total library for each M. incognita isolate. 556
Then, we assembled them independently using the plasmidSPAdes assembly pipeline (Antipov 557 et al. 2016 ). We extracted the mitochondrial contigs based on similarity to the M. incognita 558 reference mitochondrial genome sequence (NCBI ID: NC_024097). In all cases, the 559 mitochondrion was assembled in one single contig. We identified the two repeated regions (63 bp 560 repeat and 102 bp repeat), described in (Okimoto et al. 1991 ) and we calculated the number of 561 each repeat present in these regions. 562 
